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1. ,Vcirl(il[[i(il)tl,y

Scintillation) model prcdictiotls were coIIIparLYI to fear years of tllc I;airbanks A(’’I’S  data
a[ 20.2 and 27.5 (;I Iz, klodc’!s llsccl ill dlc comparison are ~aI’asa\va et al. [ 1], 1“1’lJ-R [2],
Ortgics-N  [3],  Ortgies-rl’ [3], 1)1’S1’ (I)ircct f’hysical  Statistical Prediction) [3],  MPSI) (Modeled
l)hysical Statistical Pmiiclioa) [3], and ‘1’crvonca et al. [4]. l)cpclldcllcics  ofthcsc  SC3C11  ]Hdcls
arc shown in ‘1’able 1. ‘1’hc monthly avmgc for scintillation slandarcl dck’iation, along \vitll  all tl~c
model predictions using the local meteorological paramctet iapat, is plotted ia I:igs. I ai)d 2 for
20.2 and 27.5 Gl [z rcspcctivcly.
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I:ig. 2. 4 >’c:itCo]l)l>:lrisot]  of hlonthly  Avc Iagc27 (illz [{MS I)cviaticm With Model l’rdictions

‘1’able 2 indicates tllc place of the Matriccial)i  lade model alnotlg otl~cr m(xlels O( I-:idc
darations. ‘1’hcdata used ill tllc(lck’clol>lllcllt  o{cacl~ nlodcl arc Iistcd alotlg~vith the basic
tllo(lclitlgtcclllliclllc.  ‘1’llc Matricciani  nlodcl is tlotal~ cilgitlcctillglllo(lcl  siacc it rcqairesthc  usct
t(>llalca taitlra tctitllcsc  ricsllllt it tll:iyl>t(l\i(lctJ cttcrll tc({iclicltl:lc cllt:lcytlla tl(Jtllcttll(J (lcls. It
is mostly a mathcnlatical  collstractioll  \vitll oilly  slorll~ translation speed, l’, obtainccl from ra(iar
lncasarclncnts  ill norlllcm  Italy. (’olllparcd  tc~ other fade daration  II Iodcls  it also  lIas tllc

advallta,ge of being  able to prcclict fade times. At pIcscIlt, tl~c oIlly other I11OCIC1 to do this is tile
I’arabwiand Rivalnodcl.
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l:ig. 3 SI1OIVS  tllc precipitation pat(crll used ill tllc Matticcialli  f:idc Inmlel.  ‘1’llc CCII is

rectangular ~vith a layer Ofraill  at 2(1° (’ ml a mcltiag  Iajct at (P (’. ‘1’he variatim ill attcnuatiOn
\vitll tilllc  is simulakcl  by tllc cOllvOlatiml Ofa falmtiml  Ofrcctaaglllar  shape \vith spccilic
attcnll atim) {mm a rain ra[c time series. Ill tlw Matricc  iani mmkl, this cmlvolutiwl  is clcm using
a pmluct in the frequency ckmain.
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(1)
‘1’hc sine fancticms malt fmn the rcctangalar cell ami Ille cxpmcntial  is a shift dae 10 lIK

difference in path Icmgths,  Ax. ‘1’here is aa cxtta term I“11 10 acmant  fOr tllc extra atteauatiOll  due
10 the mcl(ing  Iaycr. l’hc simulated altcnualim  time series is IIlct) the itlverse l; Oaricr transhm

of( I ). I:adc daratims  greater than 60 scuds Ivcrc tlm calcalalcd frxm this :ittcnuaticm time
series. Statistics lvcrc recOrdcd fOr tllc tlatl]bcr Of fades allcl tllc fade time. Since tllc Matticcinni
mmlel at[calpts tO accmnt  fm fades fwm rail] OtllJ, the statistics fmm the moclcl \vcIc cmnparcd
to statistics frolll  mcasarul  A(’A. Iirmrs  lVCIC a)castlrccl for pcrccatage of fade time and
percentage Of faclcs. ‘Ihc crm at a givm pmentagc  and atkaaaticm  thrcslmld ivas taliell as

p)

TAII1,E  3. MArl’RIC:CIANl  Mol)l:l,  I~RROIW (l} IX’I~MllItR,  1993 -N()\’I; hlIII:ll,  1997)
Number of Fades Fade Tme

[1 dB-ACA” 3 dB ACA 5 dB ACA 7 dB ACA ]1 dB ACA 3 dB ACA 5 dB ACA 7 dB ACA I

:“”--] . . . . . . . . . .20 GHz avg 0.022558 -0.01084
20 GHz rms 0.071022 0055106
27 GHz avg 0.037327 0.047002
27 GHz rms 0.143646 0.09891

‘1’llc  pmitive  signs in ftmt

0019154 0.033059 0.014517 0.022338 0.028899 0.027749
0.087449 0088875 0.062319 007034 0082712 0.072792
0031158 0.0655 0.014491 0.022303 0.022052 0.049574
0.075965 0.14493 0.12134 0.072475 0.077938 0.126067

OfcrrOrs ia lahlc 3 indicate that ill all bat me case the
h4:ltricciallll i”ll10clcl uderprdicts troth the namh Of fades and the fack time. I:ig. 4 atld 5 shmv
graphically ho\v \\cll tllc Matricciaaai  HICKIC1 pdicts llaalber  oi’fades :itld fade time at 27.505
(;1 IZ fcw a rcpmscntatiw  year ill l;airbanks,  lkcmbcr 1996-NmIcmbcI  1997.
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}’ig. 5 - 27 (il Iz A(’A I’ade ‘lime Compared to the Ma(ricciaaai  Model.

I;ig. 6 shmvs af(cnuatim  ctlmulati}c’  distributim  func[im for the Matriccianni  mdel
cmnpawcl to an A(’A cd fat 27.505 (il Iz for a rcprescatatiw-’ month at I;airlmaks. ‘1’hc [IVCJ dashed
carves arc moclcl mrvcs.  ‘1’hctc is onc fm Optical gauge raia Iatc, 01{1<, and onc fm capacitive
gallgc  raiu  rate, (’1{1<. ‘1’he A(’A cLIrvcs fall almvc tile Iudcl CLIIIJC for Ioiv attclluations, It nla>
bc (Ilat ifthc Matricci:ini  mdcl had a dcvclOpnlcnt  accmnting  fw antcnaa wetting this
disctcpancy wmld bc mwlvccl.
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111. A (‘7X I)(I[(I ( ‘ostvlaic~l [o (;[LY<IOII,V, l(~[it~, LItIt/ ( ‘Io!M{ A [[etltwtiorl IIlolkl,v

‘1’his sccticm expkms  cmrclatim ofrccciwxl A(’’I’S  bcacw  valacs to atmmphcric
at(cnaatiml  by aclaptiag Naticmal  Climatological  [Ma ~’catc’r (h[C’IX:)  data Hseci in clear sk)
(.gascolls),  rain, and cIOud attcmuaticm lndcls. Atlcv~uation due to clear sky atld mill  utiliz,c lTU-
1{ semi-empirical attcnuatim  mdcls, hmvcver  chmi atlcnmtim is mme difficlllt tO mmlcl clue 10
highly variable chad stractarcs. l)riw tO .luly 1996, NC’l X’ chid COWN data is tccmlcd  ia tenths
of total covcr, with 10/1 O = total covcr. After  .ILII]C 96 NC~lX’ tccordd CIOUC{ data fmmat
changed, Iistiug only five cloud cwer incrcmwts:  O (SKC’ m (’II<), 1/8- 1/4 (l; li\V), 3/8-  1/2
(SC’”1’), 5/8-7/8 (IIKN), ad 8/8 (( J\ I(’), aad up to f(mr distinct cloud cciliags. (’lmKl  attenuation
mmlcls arc investigated, bat tcqairc kamvlcdgc 01’the dcnsit~’ Ofwmtcr (g/ml) almlg the
pmpa~~tiol~ pntl), \\llicl~  is gcncra[[y  ])ot kIloIvI1. A Sky[’anl  (Indificcl digital cai~~cta)  is USCYI to
help cmrclatc  vicwxl ckml cmditicms to NC’IX’ pablishcd values. ‘1’llis scctiol] \vill SIIOIV Ilolv

recorded AC’I’S pwpagat im} data cmnpatu to tllc sam of attcnuat icm frml the three pmpagat  icm
Illmlcls.

A.  ACTS I hka (’ollcctim I’IIKCCIUIC

‘1’hc first step in the aaalysis  is to collect ACTS data in a from, which \\’ill allmv
colllparisons over a loIIg period. ‘1’0 accmnplish  this, a special pm.granl (1 hilcxt3.exe) \vas

dcvelcq~cd  by I)ave  Wcstcnhaver of Wcstcnlwwcr  Wind Wcwks to take prcpmccsscd A(YI’S data
and extract only the first minute of data (60 salnples) IIC)IN cacl] I1OUI sclcctcd. After  this data is
extracted, the next step is tO limit the taagc Of [iala tO twlues greater than a thrcslmld Of- I 9 dll.
‘1’llis tllrcsllOld is chmctl since any values 10\vcr tllall this arc cmsidcml llclO\v the nOisc flmr Of
tlw equipment. Aflcr these ettmccms values are eliminated, the remaining valw for the minute
art manipulated, where tllc average, ]I]axitl)alllj and ]lliailllalll valacs  arc sal’ed fOr usc ill

attclluatioa  ailcl scintillation staclics. I;inally  tllc values (Oac pcr llOur f’mm 1111:00:00 tO 1)11:00:59)
are collcctd and placed into a set of yearly A(’’I’S  avctagcd data fm’ usc in IIXC’I;I,. A\ fet.agiag,
saving lllaxifll  Lltll/tlli llillllllll values, aad cOmpilillg the data is clOllc \ia an I;XCI 11, nlacm
specially dcvclopcd  l-br this puqmse. I:ig. 7 sllO\\s pictorially the data cOIlcctiOtl ptuccss  and a
!+ll))pk  Oftllc Collcctccl data.
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11. (’mnpiliag N(’IX’ Wea(lIcr i)aki IJscd la ‘1 hc Al~alysis

Once tl]c data is colleclcd, the ncxl step is 10 cmpilc a set Of tvcalher data fm the
l;airbanks area. Required weather data used in the at(cmaaticm moclcls inclades: temperature (°C),
relative hamidity  (o/o), t’aia rate (mmht), clcd cover ( 10(1”), and clmd ceiling (m). N(’IK
lvcatl)ct  data is pablisllcd ]HOIltllly (Jvitll akut a cJac-alOlltll delay) allcl is a\’ailablc  tO USCIS fmm

any 10cal Naticml Weather $hwicc  oflicc  ia prinl form aIKl is also awilablc on i~ lee basis via the
lntcmet.  (he cxccplicm tO the fcc based data rcqaircs an cdwatimal (.cda)  address Oa the
rcqucslet’s intcrllcl  server. Of cOarsc Otllcr marccs Of Iwal }vcatllcr data exist. l;O[ this ana]}sis
much of the data is collcctccl from a CIIJ pablishcd by NOAA and available at the LIAI:’s
Raslnasscn library. A variety of wcatllcr  clata is available ill ll{~urlj rcadillgs/sLllll lllatics
(including many Of the required types) fOr ycats up 10 I 995. Ihla is rccmlcd  asing 10cal s[mlard
time and cortclatioa  to A[’”1’S data requites an appropriate time shift ‘1’llc only Ivcathcr
parameter rcqaid fw the attcnaatiw  mdcls mt incladcd is rail} rate, Imlvcvcr the tOtal
accumulaticm is incladecl  fOr the preceding hcmr in tllc data. la this analysis mill Iatc is cstimatd
as (tdal accamulaticm  fOr the llOllr)/(OIlc-l  lOllt’), giving aIl estimated raia rate fw mcl] sample
pcrid,

(’. Modeling ol’(ifiwoas Attcnua(ion

‘1’IIc first clement ofthc analysis is to mdcl the gascms attcnaatiotl for the A[’’I’S  to
l;airbatlks slant path. ‘1’hc gascws  (clear-sky) allcnualim  mmlcl is by the Ccl]{ ( I 990) it] Repml
7 I 9 [ I 4], which is a semi-cmpirica! mdcl used 10 cstinlatc the ammlnt Of gascmls aticnuatim.
‘1’his mOclcl takes iatO acccmt  atmmphcric  gases attcnaatitlg effects dac tO Oxyp,ca  and lvatcr
vapm  (nd inclading  watct  vapm ia clmd stractarcs). “1’his cmnmcmly  rcfctcnccd  attcnaaticm
mdcl utilizes signal ad weather data including:

1 Flcqllency  (Gl l?) p Waler Vapor [)casily  (g/Ill;)
‘1’ = ‘1’calpcralLlre  (c’(’) 1{[ [  I{c[a[ivc I lamidity  (%)
O }levali On :IH:lC  ([’) l{aiu ycsl)o (tcla(cs  to sca le  I]ci:llt ot’p)

Calculations used ii) tl~c gascoas  atlcmuaticm analysis arc iacludcd in Appendix 11. once
the atlcnuatim  valaes arc calculated, they m placed ink) a sprcadshcd  ad emwlatcd  tO tllc
avcragccl AC’’I’S bcacoll valacs. I;ig. 8 sl~o\vs tl~c results Oftllc  comparison. TiOtc the scasOl~al
trends sllOw niecly Oa tllc plOts, but deep fades arc nOt trackccl sillcc they arc dac tO rain
attcllaatioa,  stmliccl next. Also note tl~c corrclatim] cocfllcicats  slmum ill the plots where the 20
Gl Iz (89. I Yo)  is better correlated thaa the 27 (il 17 (76.7VO). ‘1’llis diffcrcace  is mail~ly dac to the
Iligllcr  variability of the 27 <it 17 signal.
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Raia is lIIC most mm atkaaatiag factors ia radimavc propagat ioa, especial Iy at higher
frqucncics. I;vca thoagl) this is the case , accaratc alcasurclncat  Ofraia  rate (usiIally  ]llcasated  ia
mdhr) duriag  a rain event arc ad easily d)taiml. Iitmts exist fmu many SOUKCS inclading
spntial cliversity where the mill is falling ia the pmpagatim  path, bat Ild at the mcasarcmcnt  site.
f’ig. 9 [ I 5] shows sources of error for horimntal  (ljIIJ  aacl vctlical  (l\r). la additicm mmt
cmdactive  raia cells have widely  varying amOants  Oftaia rates tllrm]ghcmt the cell NKI the rain
gauge is asmlly at me position. III this instance tllcrc arc errors iadaced,  since NC’ IX’ data is
used as tllc source Ofraia  talc data and the I;airbaaks Ivcathcr statim  is :ll>l)r(~xilll:itcl~’ 3 km frm
the AC’I’S terminal.

/’--”q ---’.>7/ ,,/ //
‘://

‘/ // o ‘ ‘v ““
/’ / //’/$4// /{/ ,w;on~[ ;:,+ 2“ li;~ -.--.4,

9 Spatial Ilrt”ors ia Measuring I’ath [{aillfil[l ~<atc

No\v  givcll a rain rate (appinximatcd as tota[ rain fbr tl~c I)otlr per hour) tile only Illissing

variable in the cquatiOn  is the effcctivc  path Ieag[h. I;or this approximation awthcr piccc of
information  is Ileccssary, r:tia clcvatiml  withia  tllc cload Iajcr. laitially it Jvas hoped that N{’ IX’
CIOUCI ceiling  represented tllc tmtlm Oftlw rain, Imwcwr pat]lishui  valacs did mt seem tO relate
to the heights of rain-bc:iring  cloads. Also v:ilucs for cl{~ud ceiling arc Ilot consistently :ivail:ible,
so I’I’IJ rccOmmcnclatiOa R1)N.6 I 8-4, I 996 gives a Illcthd tO estimate the ef~ecti\c  slant p[itll
length Ofthc  rain layer bclm the frceziag height. (’alculaticms rcqaired tO estimate raia
attcnuaticm arc shmva  in Appendix (~, whm cmly kamvledgc ofstaticm latitude is rcqaid to
cstilllatc lllc clfcctivc  rain path [ I 6].

(k apprmimaticm  made is tllcrc Ivill  bc m raia, altlmagh there may bc stmv,  h gmud
tcmpcratares less tllaa I ‘C. I ,iquid Jvatcr ia tl]c fOrlll Of rain is a stml]g at(clluatOr Of r:idiO
\vavcs at A(’”1’S fkqaencics,  whereas SIIO\V nlainly  attribatcs ICJ (lcl~(~la[iz:itiotl, \\llicll is l~ot c:isily
mtr:icted  fmm  the AC’’I’S data. NC’[X’ data shmvs cqaivalcat  prccipitaticm [id does not
difkrcntiate this rain fmm  saO\v. I ,llckily  the Iratlsitiml  Of raia tO saO\v Occllrs O\eI a sllOrt periml
Ofthe year ia I;airballks and slmuld ad skew the approximnticm sigaificantl>’. AISO to h e l p
accOunl fOr the cstimaleci r:iin rate cxpcricnced  dariag  tllc salnpled pcrid a value (lf I.3 times the
lmarly  rail] accamalaticm  from the NC  IX’ data a(l.iasts the hmrly rate to ii clnpirically  defined
rate (mm/111) fm the s:implc pcriml. ‘1’l~is I.3 factOr is determined fmln Imking at tllc diflkrcllccs
bctwcm  tllc mdcled gasccms + raia at[enaatim  valms,  \dwc the cmwlaticm Of the tNW data sets
is minimized fx attcnuaticm grcatm tlma 3 (ill. Withmll  mme accurate radimcmcle  m real time
rain rate clata available, this appmxialatim~ will ccrt:iinly  iaclmlc errors, Ilat tllc gOal is 10
dctemiac if NCIX data is usable  to estimate raia attcnuatiw  tvith aay degree of:iccar:icy.  l;ig.
I O shmvs tllc rcsillts Of the cmparism illcludiag  mdcld g:iscmas ami rail} :ittcna:iticm.



-1

.5

-1?

.1,,

I ..,,

11 is interesting tO nOlc ill F’ig. I O tllc deep fades, altllOugll 1)01 exactly cOrrclatcd tO tllc
A(’’I’S  data, provide a belier estimate of fhc actual IJcrfmtllat]cc oftlle satellite Iiflk based 011 tlK
tw fnm{els.  OK sarprisill.g  result is the cOrtckiti Oll Ofthc  tlw data sds dicl nd impmvc  lvitll  the
added attcnuatiu.g factm; ill fact the cOrrclali Of~ is slightly Iwrsc, 20 Gl 17 fmm W. I 0/0 tO 88.90/0

ad 27 Gl IY, from 76.7°/0 10 76. 10/O. ‘1’his is pdably due lL) aI] assumccl  “mismatch” of tlw
estimated raia data and the AC’’I’S bcacm data. An awllysis ofthc cliflitmccs bctticm the
Inoclclcd attcnuatioa allcl tllc actual AC’’I’S data is pcrfbra]cd using al) absolulc  dif’livc~wc bet}~ccn
the tiw values [id calculating the diffcrwces  ill pcrccu]( Of ’tOtal. ‘Ilis cmlparism is shO\\I] ill
I;ig. 11. b!otc a difference of ol}ly 2 dll excludes all but 0.78% at 20 (;I lx ancl all btlt 1.819’o at 27
(;1 17.
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‘1’IIc overall trcl~(is ia I:ig. 10 SI1OIV a slight clisct’cpallcy bcttvcca tl~c AC’’I’S bcacoll values
and the gascms -1 rain attenuate Ofl mmlcls (like  a de Off-set) fm the sammcr mcmths, tll~ls in the
nmt scctiOfl a clmd attcauaticm mdcl is dcfinccl (0 help ccwatcract this.



}1, h4mlcling of CIOad  Attmaatioa

‘1’hc attenuating effects Ofclmds On a satellite liak may not lmve as dramatic effect as the
gascms m rain attcnuaticm, but clcmis may bc prcscat  fm a significant alnmnt Oftimc  in IIw
prOpagatiOa  path. Rain 011 tllc Otllct hand is usually limited tO sllOrt-tcrlll daraliml  events. ClOacls
ccmtain a cmnbiaatiOn Of saspcadcd  waler  dmplcls and ifcolditiws allmv icc ct)slais.  ‘1’hc
saspcIldcd  water dmplcts cllaagc tllc dielectric ptwpcrtics Oftllc  prOpagaliOll path atld cf(cct via
at3s(lr~lt i011/sc:lttcrillg  the pmlmgatiag  radimmvc. ‘1 0 bcgia \vitll  all analysis OfvariOus types 01’
clmds  geacral]y  obscrvccl and their iahcrcnt prOpcrlies is appmpriatc.

1 Immlcs ad Ilrmw mcasarcd cld at(cnwitim  in I 969 [ 1 7) at frcqacncics  Of 8, I 5, 19,
and 35 Gl IZ also at frcqucneics  of 15 ad 35 (it Iz by AIsIILIIc  I. IJsiag tllcsc studies and Otllcrs,
\vatcr density Of many CIOUCI types has bcca cstima[ul.  SlObia I I 7) lists typical parameters Of
clm[cls in micl-latitadc  ccmditiws.  ‘1’his :ll~l~rc~xill~:]ti(>ll is not truly suited fm. Alaska cmditicms,
imwcvcr  during the summer ill l:aitbanks many Oftllc  clmd s[ractares present are similar tO thmc
dcscribcct. ‘1’hc next clement ill any mmlcl arc lIIc cqaatiOns  ncccssary  tO pdict clwd
attcnuaticm. 11. Sal Onca aad S. LJppala [ I 8] fwmd a mmlcl tO predict Illc specific attcnuatiml Of
clcmds fm frcqucacies  atmvc 20 (il IY. ‘1’l~cir Illdcl is based C>I1 I icbc’s  M1’M Inmlcl [ 19]. ‘1 Ilc
cwlluatim oftllis mcxiel uses tllc patamctm slmtw] ill Appendix II.

Next I:ig. 12 sll(~tvs Slobinss rcsalts al]d lists 15 difkrmt clt~ad types at mid-latitudes,
tllcir  specific water dcmity  (gim3), and typical heights almc the gmuad (m) fm tOp ad botlml
Of each type Of tllc 15 types Of clOud sttac(atcs. ‘1’llcsc I 5 cloud  types are gtmpc(l  and a(ijllskd

such that tllc parameters fOr each clOud type (specific \vatcr dcmity  (gill]{) ad cffcctilc depth)
Ivllell cvaluatccl  using tile cquaticms ill Appendix l), rcptcscat attcnuatim  valacs d~scrvcd t~~
cwrclating  AC’I’S data and Sky Cam views, discassccl  ia the next scctim.  h’otc ia I;ig. 12,
cffcctivc  path is cmly all estimate using cstimahxl  top and bdtml as a guide

Slobin’s  Cloud Types
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Next tllc NCIX’ data is adapted to C{)IIVCII spcci[ic  clc~ud  coverage aild ceiling dala to
tllcsc nclvly clcfincd clOud types and tllca tllc calcalatims  fm CIWC1 attmuatiw arc pcrfOrmcd.
l:ig. I 3 shOws a flmvchart  Of llO\v tile clOuds arc classilid all(i Illc par:ilnctcrs used in tllc lllOclcl.
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‘1’hc next step is to calculate tl]c attcnaatio[l clue to clouds,  tllcn aclcl this attcmmtion to

gaseous  at]ci rail] a((cnuaticm  values, calculatcxl  earlier. l:ig. 14 sllOJYs tllc rcsa!ts  oltl]is

comparison. Note  in tl~is figure tile (Ic of~sct Ilotccl carlict is not obscrteci.
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]’ig [4 [ia$eous I I<aia I (’load  A(tci]u;ltioa  1’s. AvcIitgd AC’’I’S  [] C:ICOII  Values

Again all analysis oftl)e diffcrmxs bctivccil lIIC I1lCXICINI attenuatim  and actual AC’’I’S
data is pctfOrlneci  using all absolute difference bc[\vccn tllc t\vo \alucs  and calculating the
cliff crcllccs ill perccllt Of total. ‘1’llis con~parison  is sllcJ\vtl ill I;ig. 15. Note a difference  of (~llly 2

dll excludes  all but ().620/0 at 20 (i] 17 and all bat I .320/0 at 27 (il 17, all imprm’cmcnt  LJvcl” tllc
nlmlel \vitll  only gasmus and raia attcllaatiOa  val(les. ‘1’IIc fllla! cotnparisOn is \vl}cil slllallcr  time

frames (WC day) ofthrcc-part  atlcnuaticm is cmrelatcd \vitll  tllc A(’’I’S  clata. ‘1’llis cOtllparisOn is

Sllolvll next.
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t’. ~’omparisotl of ~)tlc-[)ay (’loud A((cnuatiot[  ft~u \/ariou\ ~’loLIc[  “1’ypcs

‘1’(} cIlsLIrc  a[l accLItalc c\aluatiOn  Of clOud attcnuatim a Sky(’alll  is usccl to capltirc sky

vic\vs aild these \ie\w arc used to cmwdinatc  cloud  structuws \vitl~ obscr\’ed AC’’I’S atletluatioll.
A sample ofthc SkyC’nm vic\\s and a schematic oftlle Sky(’aiN appnratus  arc sllo\YIl ill I:ig. 16.

R<>.,

“/,*

‘1’hc first type Of clOud s(twctutc cxamillcd is that Ofcutllulus  clouds atfatmvc cloud
ceiling of 1500 meters. F’i.g. 17 sIIo\vs the cmrclaticm of tllc A(’’I’S  beacons \vitll  tllc mdclcd
attellu:itiol~. AISO sllcJ\vI~ is the differences oftllc Illmlcls \\ itll and \vitll(~ul cloud attcnuati~ll aild
\\l\ctl~cr  tllc mdcls udcr m o\Jcr predict tllc actual avcrage(l A(’’I’S attcnuaticm.  ‘1’hc cwvcs cm
the right pOrtiOll Oftllc plOt are lvllen rain OccLimxl itl tllc si.gllal path; Otllcr\\ise  \vl}crc tllc cloud

1,
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Al~otl~cr type Of cloud is that of’s cuil~ulus at a lcJ\\wI elc\atiotl, llO\\cvcr  this Iilnc  almut
the clmd is at a ceiling of500  mclm aml there is no rain pkwnt  ill the path.  ‘1’hc colnparison  fm
this type of NC IX’ defined ckwl type is slmw in Fig. 18. Note in this case additim of clwd
atlenmtiml  alters tl]c difference and pmvidcs a better fit to the A(’’I’S data.
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II
1. ,, !,., 7,,,  ,!, ,,, ,( ,, ,3,,,,,.,,?  71 !’,! ,,, !,,, ,,, ,, ,,, ,!, ,,. , ,,, .,,,, ,,,

,,,, ,,!, \,, !l!,  c$, l, ,, ,,1  , ,4 ,1.,

[Tonlparc” ~LllNLllUS  (’loud~ At 5(K) ill W1O Rain \s. Averaged A[’’I’S Ilci[c(m Val LIcs

Another  type of cloud examined is that ofa stt:itc~clllllllllls. I:ig. 19 slm\\s  the
ccmlpariscms fm this type (lfclmd structure. Again tllc additiw (~f’tllc cloud attenuation
imptwcs  lIK fit to the tccmkxl A(’’I’S data.

“,,, ,1,,,,,,!
,! I

,,,, ,, !,! ,,,’1,  !!,,,,  l,lli,  hll i!,,!  ,1,

,!  M,, ,,,  ,,,  , l!!,  <,,,,, ,!  ‘!!  \,  ,!  !,11,

I ‘ig. 19- Compare StIatocLIin LIILIs  (’l(mds At 2000 m vs. A\ctMgcd AC’’I’S Ilcacon Val Lies

‘1’llc final  type Ofclou(i  cxalninc(i is that Ofan altostmtus. ‘1’his c(>lllparison is sllo\vtl ill
I:ig. 20. 111 this case tllc cloud  attcwuatim  is Ilot Ofsigni[lcaut  cfkct and dOcs not si.glli[icantly
impro\’c the fit.

I’ig. 20

I:“’! $, ,, .
,,, ,,  “!,  (!.  !,1!
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(i. Statistical Aanlysis ofthc Model\

lJp unlil no\v Il]c \’nlucs ofattcnutiticm I]atc  Iwci) evaluated rela(ivc to tl)c AII”I’S
averaged bcacms,  lmve\Jer maay systems (Icsignm Iikc to scc statistics m tile data. ‘lo mlllpilc
a statistical analysis the A\ JcIagd A(’”1’,S  bcacm) value.s arc dividd int~~ ‘bins’ \vl]c I.c Yalucs
greater than a set attenuation value are collcctcxl  and tllcll a pcrcclltagc  is takca  over  tllc clata set
total, (Ilis is collllllo[lly ktlOivII  as a (’l)l;. fig. 2 I sllol~s  ttlc scl Of(’l)l; data collcclccl jor tl]c
tl]rcc types of III CXICICCI  at(cnaaticm  and tllc oftllc averaged A(’’I’S  data. As is sllo\\I~ in tllc figure,
the 27 (if Iz I11OCICIS inciccd cio a very gmxljob ofptc>dic(iag  tlIc at[cnaation  of tllc A(’”l’S-tO-
I;airbanks  alll]ougll tllc 20 ~il 17 comparison  is llOt as god, still rcprcscnts a fair cstilnatc Of tile
link prOpagatiOll  statistics.

,! 2,,  hlfll~l  Il?li ,.,  , ,,  !,,, ,,, ,,

fill  ,,$$18 ,, 0!1,, ,,!  ,,!  , (’l, ,

fig. 21 -- (’1)1: of A(’’I’S Averaged lkacms  vs. h40dclcd  Attenuation

‘1’IIc Chl.gics-N scilltillaliul prcxlictiotl JIlmlcl bcsl ll]alcllcs tl)c AC’’I’S data at l;airhanks,
Out ofthc se\Icn mdcls tlmt wc cxamillcd.

‘1’hc Matricciani  faclc nldcl was sllO\vll to uadcrprdict Imtll tllc Ilulllbcr  Of faclcs and
fade titue fOr clear air attenuation. Sut~jcctivcly, tllc lnagnitudcs  Oftllc prediction cttwrs arc

smaller fcw tl]is moclct Illall  for dl]cr faclc prediction moclcts.
]11 t!lis study  it is sI101vI1 [1OJV N[’1  )(’ i~cat!lcr data llla)’ [x’ USC(I tvitll accepted [’CTi R

gaseous aacl rain  at(cnaatioll IIICKICIS  aIIcl do a gomi  j~~l~  t~f’cslilnatillg  tllc actual AC’’I’S
pcrfwmancc  for tllc AC’1’S to I:airbanks l ink . I lcl\vc\ct  \\itll tllc addition of all clllpiticall)
dcllncd cloIId attcllllatiOn Illmicl,  the data lit is cvcil bcllcr. llldi\’idual  cloud types arc cxalllincd
and attcnuaticm during specific cloud occurrcnccs is dctcrmillc(l.  All interesting collclusiol~ is tl~at
\vl]ilc  tl~c aclcliti Oaal clOucl altcnuaticm by itself is not significant (\\Ilca ccmparcd  to gaseous and
rail] attcnmticm),  it ptwvidcs cmugh  adjustmcat to impmc the mcrall C’IJI:. ‘1’hc cml result is
that givca easily available NC[X’ \vcatllcI  data (\\itll slight alteratiws), and CY’11{ gasecms and
rail) attcnuatiOn llldcls alrmg \vitl) an clnpirically  dclincd cloud attcnuatim  l~ldcl, a rcasmablc
prediction oftl]c pcrforlnaucc Ofsatcllitc  tco groul)d pr(~pagatioll  characteristics at A[’’I’S
frcqacncics  call bc made.
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AI’I’INI)IX [: - (’calculation of(’(’1l{- l)cfitled Rain Atlctlua(ion

!,, ,+ k v+ (h } ,  –  hv) Ul\((}dC~)z  uIs(~  T )
k~() ,\j : = —  — —  — —  —  ————— L ~(]  I$i ()()7119

~

All((I[+h L, [r\,+ (Lll(fll–h\, [/\/) (cm(lldLp)~ ~~’~(~  7))  \’,ll[lcs ( I I ’  (, & L:.-.
(1~(, ,~j, -— — —- — —

2L~(}l~j
(f ~(} ,\j  I ()(!754

Site Infortnation: 4)=64.7 (Station Latitude)

() = x dcg (Elevation Angle)

Calculaticms:
11 ~= 5X(} Ii (Station Elevation)

Find the freezing height during rain (hfr):

II ,r := [s.0  - ().()75 ($ -- 23)].IU,, (For Latitudes > 23°)

Find the effective path length (LJ: II II – 11 ~ I .()()() “kIll

, ~ (t’ I’r -11 s)
,.:—

sill (())
1,s 12 1X4  “Llll
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